., 1989: Food eaten by four species of rodents in polluted forests. Acta theriol., 34, 32;[465][466][467][468][469][470][471][472][473][474][475][476][477] The composition of diet was studied in Clethrionomys glareolus, Apodemus agrarius and Apodemus flavicollis in forests of Upper Silesia (southern Poland). The rodents were obtained from two polluted forested sites (Aniołki and Szczygłowice, the first site much more heavily polluted) except for M. agrestis which was collected only on more polluted site (Aniołki). The composition of diet within particular rodent species was fairly similar on both sites nevertheless differed from diets reported for other populations. C. glareolus fed on green parts of plants (45-67% of diet) and on seeds and fruits (21-38%). The absence of animal food and lack of seasonality distinguished these populations from all previously studied populations. A. agrarius fed mainly on green parts of plants (90-94% in spring, 56-67% in autumn) while seeds constituted 24% of autumn diet. Thus this species elsewhere taking mainly seed and animal food changed its food habits entirely. A. flavicollis apart from seeds and animal food fed also on underground parts of plants (up to 50% of food volume). M. agrestis showed similar food preferences on Silesian locatios as in other parts of its range of distribution. In spring, the green parts constituted 78% while in autumn its fraction fell to 43% with seeds making up 22%. The presence of fungi (26% of the diet in autumn) seems to be peculiar for the populations under study. Thus, there were alterations in diet in all four species compared with many European populations studied so far. In C. glareolus, M. agrestis, and A. flavicollis the changes occurred as shifts in proportions of principal components while in A. agrarius there were profound changes in the principal composition of diet.
INTRODUCTION
The effects of industrial activity on the environment are diverse. Dustfall and gaseous emission entail air, water and soil contamination. Wherever mines operate, heaps of waste material accumulate, ground subsides, sometimes artificial water reservoirs are created. Such disruption to the environment can easily be noted throughout Upper Silesian region. All these effects precipitated by the development of heavy industry and mining bring about drastic changes in vegetation cover (Celiński & Wika 1980; Celiński et al., 1982) , and invertebrate populations (Dąbrowska-Prot, 1982) , and also in vertebrate populations including rodents (Wałkowa et al., 1982; Chełkowska et al., 1985) . Changes in plant species composition, the age structure of plant populations and also in fruit and seed production cause direct [465] changes in composition and volume of food supply for herbivores inhabiting such areas. It may be thus presumed that such changes will alter the diet in local rodent species. The aim of this study was to study any effects which environmental pollution might exert on feeding relationships in four most common species of forest rodents.
STUDY AREA, MATERIAL AND METHODS
The study was carried out in Rybnik Coal Basin of Upper Silesian region of southern Poland. There were two plots involved. First, at Aniołki, covered by a transformed form of Tilio-Carpinetum with Carex bryzoides L., Rubus caesius L. and Pteridium aquilinum L. This area was heavily inundated because of earth subsidence. Second plot, at Szczygłowice, at 10 kilometre distance from the first one, is also covered by Tilio-Carpinetum with Carex bryzoides and Pteridium aquilinum. The effects of industrial activity and related disruption to environment varied between the two plots ( Table 1 ). The Aniołki plot had (a) much more degraded vegetation, (b) different number of plant species, (c) higher degree of coverage by herbs and (d) higher degree of coverage by fallen trees and branches.
Both plots were inhabited by the same species of rodents: the bank vole Clethrionomys glareolus (Schreber, 1780), the field vole Microtus agrestis (Linnaeus, 1761), the vellow-necked mouse Apodemus flavicollis (Melchior, 1834), and the striped field misuse Apodemus agrarius (Pallas, 1771). The harvest mouse Micromys minutus (Pallas, 1778), the dormouse Muscardinus avellanarius (Linnaeus, 1758), and the domestic mouse Mus musculus Linnaeus 1758 were found in the area in much lesser numbers (Wałkowa et al., 1982; Chełkowska et al., 1985) . First four species were abundant although their numbers on two plots differed. Several years of trapping revealed that Aniołki rodent fauna is dominated by M. agrestis (up to 70 inds ha" 1 ) and A. agrarius (up to 30 inds ha" 1 ). At Szczygłowice C. glareolus dominated (up to 70 inds ha -1 ). A. flavicollis was relatively scarce on both plots (Wałkowa et al., 1982; Chełkowska et al., 1985) .
The rodents for this study were collected in spring and autumn by means of baited snap traps. Their stomachs were removed and kept in 4% formaldehyde solution. The total number of 249 stomachs were examined. The contents of each stomach were placed on a watch-glass with a few drops of water and Lugol reagent (J 2 in KJ) for starch staining. After mixing, four microscopic glycerin slides were prepared from each stomach. The microscopic ocular fitted with 100-square grid was used to determine the number of squares occupied by a given food type to determine its relative abundance.
Histological preparations, drawings of various types of epidermis and test slides obtained from stomach contents of rodents fed in the laboratory were used for identification of plant species. Animal food was identified by features of undigested remnants of chitin covers, parts of extremities and single complete specimens.
RESULTS

The Bank Vole
In spring, the bank voles collected at Aniołki fed on 24 plant species, most frequently on Betula sp. and Majanthemum bifolium ( Table  2 ).The green parts of plants made 64% of the volume, seeds and fruits -23%, with roots and tree-bark (4%) and animal food (2%) making up total. In autumn, out of 19 plant species eaten most frequent were Pteridium aquilinum and Sorbus aucuparia. The quantitative make-up of diet volume was similar to that in spring with green parts contributing in 59%, seeds and fruits -in 21%, fungi -5%, and other components below 0.3%. At Szczygłowice, the voles fed mainly on green parts (52%), also on seeds and fruits (36%), roots and tree-bark (3%), and animal food below 1%. The list of eaten species covered 18 species with Frangula alnus, Betula sp. and Sorbus aucuparia on top. In autumn, the green parts constituted 45% of diet, seeds and fruits -38%, roots and treebark -2% and fungi 0.7%. Betula sp. and Sorbus aucuparia were the most preferred species from the list of 17 species (Table 2) . It should be added that some species were eaten in large quantities by almost all individuals. In particular, there were some seeds and fruits found in almost every stomach examined. However, some plant species, although found in small quantities, occurred in many species (e.g. Car ex bryzoides, Impatiens sp., Table 2 ).
The Field Vole
The specimens were collected only at Aniołki site and were found to eat 78% of green parts, 9% bark, and 3% of animal food. Calamagrostis sp. and Rubus sp. were most preferred plant species (Table 3 ). In autumn, the percentage of green parts in diet dropped significantly (to 43%) with simultaneous increase in fungi (as much as 26%) and seeds (22%). Animal food constituted 1.3% of the diet. The most preferred plant species in autumn were Carex bryzoides, Deschampsia caespitosa and other grasses. The list of species found in stomachs covered 18 species in all. 
The Striped Field Mouse
The green parts of plants dominated decisively in the diet of this species (in spring at Aniołki it constituted almost 90% of diet). Among the species preferred were: Rubus sp., Pteridium aquilinum and Frangula alnus with each constituting no less than 10% of the diet (Table  4 ). The animal food made 7% of the spring diet. In autumn, the preferences followed similar pattern but the percentage of seeds and fruits increased markedly (to 24%) although the green parts of plants still dominated at 66.8% (Table 4) . Table 3 Percentage and frequency of occurrence of food components in Microtus agrestis in spring and autumn at Aniołki forest sites.
Explanations see Table 2 . At Szczygłowice the percentage of green parts was even higher than that at Aniołki and reached 94% of the diet. The list of preferred species included Betula sp., Rubus sp., Amalanchier ovalis. In autumn, the fraction of green parts dropped to 56%, with 25% of seed and fruits and 7% of fungi. Betula sp. again appeared on the list of preferred plant species which provided green parts (Table 4) .
In general, the striped field mouse had the longest list of plant species in the diet (37 species) with most of them found in autumn at Aniołki.
The Yellow-necked Mouse
The number of plant species whose green parts were eaten by A. flavicollis was much smaller than that in the remaining rodents and cov- Table 4 Percentage and frequency of occurrence of food components in Apodemus agrarius in spring and autumn at Aniołki and Szczygłowice forest sites. Explanations see ered 7 to 12 species depending on site and season. In spring at Aniołki the green parts constituted 24% (with Betula verrucosa), seeds and fruits 19%, rhizomes 5%, and animal food making up 31% of diet (Table 5 ). In autumn the composition of diet changed to 13% of green parts, 50% of seeds and fruits, 31% of rhizomes, and 3% of animal food (Table 5) . At Szczygłowice, the green parts of plants constituted mere 6% of the diet. Rhizomes made the bulk of diet (51.8%) with animal food (18.4%) and tree bark (4%). Seeds and fruits were almost absent from the diet (0.1%). In autumn, the percentage of green parts dropped still further (to 4%), with seeds and fruits, rhizomes, and animal food at 2.51 and 2%, respectively.
There was striking variability in percentages of seeds and fruits, rhizomes, and animal food at both sites during the two seasons. At Szczygłowice the seed and fruits class were absent from spring diet only to make as much as 42% of in autumn. At Aniołki the percentage of animal food decreased tenfold from spring to autumn, accompanied by a simultaneous increase by six and a half times in percentage of rhizomes (Table 5 ). Since long, the studies carried out in various parts of distribution ranges revealed that the diets of the four rodent species vary in respect to both its composition and the list of preferred plant species. As the changes in diets associated with living in polluted forests of Silesia were species-specific, they should be discussed separately.
The bank vole is a species of an enormously large range of distribution. This implies high variability in diet related to prevailing ecological conditions. Nevertheless, the bank voles always feed principally on the green parts of plants, seeds, and animal food and show seasonal changes in food composition everywhere (for review of trophic status of this species see Gębczyńska, 1983 ). Both Aniołki and Szczygłowice populations displayed striking stability of the diet without much of seasonality. The green parts of herbaceous plants, grasses, shrubs and trees amounted to 45-65% and, together with 21-38% of seeds and fruits make up 80-88% of total diet irrespective of seasons. In some other, not very, distant regions (environs of Cracow - Zemanek, 1972 and Moravia - Obrtel & Holisova, 1978) , the diets changed along a seasonal rhythm. In lowland forests of Moravia seeds made up 11.7 of spring diet and increased to 34.4% in autumn (Obrtel & HoliSova, 1978) . Even more striking was the difference in animal food category which in spring made no more than 1.8% of diet in Silesia whereas in other populations from Poland (Zemanek, 1972; Gębczyńska, 1976) and from Czechoslovakia (Holisova, 1966; Obrtel & HoliSova, 1978) it reached 7-21% in spring. Again in the polluted forests in Silesia there have been no basic seasonal changes in the diet of C. glareolus found at other sites in autumn. There, the proportion of green parts of forbs, grass, and leaves of shrubs and trees declined drastically while that of seeds and fruits increased. Such shift were observed in Czechoslovakia, Great Britain, Poland, Sweden and on Kola Peninsula of the USSR (Gębczyńska, 1983) . At Aniołki and Szczygłowice, the percentage of seeds and fruits did not change much from spring to autumn (23 and 21%, 36 and 38% respectively on the two plots).
Thus, in the diet in bank voles living in polluted forests of Upper Silesia this seasonality disappear. Almost total absence of animal food and reduction in number of species eaten were the remaining features of the diet.
In M. agrestis the diet has not been studied in too much detail. It is on^y known that in Sweden (Hansson, 1971; Stenseth et al., 1977) and Finland (Stenseth et al, 1977) this species feeds upon grasses, forbs an I grass seeds. There, a distinct seasonal pattern was found in changes of diet composition. In spring, grasses made about 80% of diet while in summer and early autumn grasses and forbs shared this amount alnost in halves. Seeds could make as much as 19% of the diet (Hansscn, 1971), a figure similar to that found at Aniołki site. Treebark that participated 9% of diet at Aniołki had also been found in stidies of M. agrestis in Scandinavia (Stenseth et al., 1977) . Only fungi thćt contributed significantly to the overall diet at Aniołki (26%) made rather negligible appearance in the diet of this species at Sweden and Finland.
Some previous reports on A. agrarius indicated domination by seeds which were the principal component of the diet (50 to 90%) (Holiśova, 1967; Babińska-Werka, 1981; Obrtel & Holisova, 1981) .There was also a significant fraction of animal food which, in some cases (Opava region), made 40% of the diet (Holisova, 1967) , and 8 to 12% in various tyjes of urban green areas (Babińska-Werka, 1981). It was thus quite suiprising that one of populations living at Białystok had completely different food preferences. Inhabiting the city centre, this population fed mainly on green parts of plants (71%), seeds (19%), and animal food (9%) (Gębczyńska et aZ.,1987) . The trophic relationships found in Anołki and Szczygłowice populations seem to have altered still further. Green parts of plants constituted as much as 90 and 94% of spring diets respectively. Not before autumn did seeds and fruits share up to 24% of the diet, with green parts still dominating at 56-67% of its composition. Also the animal component of diet differed from anything found in that species so far. This kind of food appeared in spring only at Aniołki site (7%) while in autumn it was simply absent from A. agrarius diet at Aniołki and Szczygłowice alike.
Hence both populations of A. agrarius at Silesian sites fundamentally changed their food preferences. It is not clear why C. glareolus feeds on.seeds on both sites in spring and autumn while A. agrarius refrains from using that kind of food. One may presume that it is spatial interspecific relationships that decide about such arrangement as indicated by a four-year ecological study in the area (Chełkowska et al., 1985) . When comparing one of Białystok populations and the two Silesian populations, a hypothesis that this particular species is able to restructure profoundly its diet seems quite viable. It is done by way of modifications in alimentary tract related to the shift from high-energy food to bulk food of low calorific value. The ability to replace highly nutritive seeds and animal food with low-energy green parts of plants is probably based on actual changes in alimentary tract. This physiological plasticity is of fundamental importance for the ecological variability of this murid (Andrzejewski et. al., 1978) enabling it to colonize new habitats such as urban green areas, polluted forests, etc.
Available information about diet of A. flavicollis indicate that it includes mainly seeds and animal food. These categories contribute to the spring diet to the tune of about 40% each with green parts of plants taking mere 10% (Obrtel & Holisova, 1983) . It is also known that the yellow-necked mouse feeds on fewer species than, for example, C. glareolus living in the same biotopes (Obrtel & Holisova, 1974) . Our observation at Aniołki and Szczygłowice confirmed these finding as the lists of plant species eaten by A. flavicollis were shorter by half or more than those found in the remaining rodent species. Again, seeds made substantial part of the diet in A. flavicollis. In autumn seeds satisfied 50 and 42% of feeding requirements at Aniołki and Szczygłowi-ce. The animal food varied widely: although in spring it was about as much as 31% at Aniołki, and 18% at Szczygłowice, in autumn dropped ' to a mere 3% at both sites. However, there was a significant increase in importance of underground parts of plants which at Szczygłowice provided no less than half of diet, both in spring and autumn. Obrtel and Holisova (1983) found that this kind of food contributed only 4% of diet in Moravian populations. It should be noted that in polluted Silesian forests this species increased significantly feeding upon underground parts. There were no major shifts in diet although proportions of various kinds of food changed.
The investigation of rodent diets at Aniołki and Szczygłowice indicated marked changes in food composition (Table 6 ). In C. glareolus they showed as disappearance of seasonality and withdrawal of animal food. Such depletion of animal food component, found also in other rodent species under study, was undoubtedly associated with decimation of invertebrate fauna at polluted forests (Dąbrowska-Prot 1982). In M. agrestis the change was manifested by increased proportion of fungi in diet. A. agrarius has altered its diet completely, turning to green food as basic component and lowering the proportion or even abandoning seeds or animal food. A. flavicollis consumed large quantities of underground parts supplemented by seeds and animal food. There is no doubt that the ability to change diet flexibly allowed A. agrarius inhabit Aniołki and Szczygłowice sites (along with C. glareolus) and reach high numbers there (Wałkowa et al., 1982; Chełkow-ska et al., 1985) . It seems that especially A. agrarius and M. agrestis, the species that normally occur in the Polish forests in rather small numbers, could adopt themselves well to living conditions prevailing in polluted Silesian forests. The differences in population densities found at more degraded forest at Aniołki and less disturbed Szczygło-wice site indicate enormous ecological plasticity of A. agrarius and high ecological potential of M. agrestis. Such were the features that helped them to dominate over C. glareolus and A. flavicollis.
Finally, when starting the research we envisaged relations between the degree of pollution (and indeed the disturbance to the vegetation cover, see Table 1 ) and the composition of diet in rodents. The only result though is that the sole fact of pollution can force changes in the diet not necessarily proportional to the degree of pollution of actual sites.
